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normally distributed with a mean <jt) of 14.9 seconds and a 
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The number of searches for books ( 12) . is · determined by ·the· -
total number of time .. s. a. b.orrower- came to the ci,rculation desk 
~ . I · for purposes-of filling out a search card for a lost book, ·as . 
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explained in the section on attendant-borrower interacti.on 
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. pro~edures. Three-procedures must be performed, but the number 
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Another pe-rformance characteristic less· important to this 
investigation is the_expected borrower waiting time in the 
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·-{l) how large a difference in _performance ·characteristics is 
_ _ _ _,____ __ to be detected, (2)· the amount of variability pres~nt in. the-- - \- -
. ) . 
population, and (3) the degree of risk acceptable ·in the 
.. 
• • • ~ • •••••-• -~ -·~--..... '~~ •••-..•.• .:-~, N ·- ,a,, - • •,'I'.••• - - -- • . 
--~-------· ... ,.~---·------··~---------~- ·-~--- .... , ·analysis.-· Pt,wer fll.llction charts are generally used to · 
... 
---·····---.···-- ------ ,. -- -
determine optimal sample size. 
· In analyzing the results. of. the experime~t, one of the 
m.ost powerful statistical· tools, the, analysi·s of variance, 
.. ' . 
.:). 
. 
' 
. . ····-···-·- ----is 11sed •. _This is ~n arithmetic device for ·partitioning the 
' 
. -
I 
•. 
· .. total :vari~tion in a· set of data according to the various ,. 
< ·' 
' - )", 
. ·' 
.. I •t 
-sou:tces af variation tbat ,are present .. It results in a table 
' 
' . 
.. ,. 
- -·•·•• ' ' ' ' -•• 
·• • 
.I --, -
. " 
' . 
. 
--~-... -~~-:----·-------
. . 
.. 
.. _<I' 
. 
' . 
' 
, .
' .. ,,_ ... -··- ·--·-- -·---------. ---,--·-·--
.. ' - ' -~ - - -. 
~ ------ .. 
. ' 
---- . ~ ·---·---.. ---------·----·--- ·----~---·--·--- .. -.... - ... ----, -·-·----- _ ..... ·-------·-·-----
' 
' . J' ' 
' ' 
. . . . 
. ; , 
. -~-· ·- . 
• II,' 
• ' ' 
. -
.I'" .: 
' I 
,-··-· . ....... 
' . . .. ,,,,.,,.. .. 
• "l! 
.. , ,. 
70 < 
I 
I ... , ' 
.. 
·.. ' 
, I 
• '• \ . /I 
I 
' ' 
., ..... , 
....... 
. ' ' . \. .. ./ -  . . ,' 
. . . \ . 
.. _ . ·~·-
""' J.. . 
,. ' '\ . ' 
~· : .. 
.. 
r 
. , . ·' I 
' • 
. '\ 
• , •• • 
.. , . 
-, 
. 
. _ ~:-~---: .. :--~_-_:· ~~-- > pr'esent.ing· the i.nformation contained in· a set of data. ___ ~-~-'--~-•--·; ____ :-.=.-·:·~----~---- --_--.:, •, • • ., 
, 
-·---•••--··---·•--·--- .. ------·-----••u•-~•••u 
-~ 
- ·······• .,. ...•. ,,,... .... 
____ _..~. ·····-···-·····--·-··---- .... ..... 
. ·····-··-·····-·-··--
_ .. _, __ -~- .. .-,.-:,··.---:;-:·-;-.·.·; -.· .. , . ·.·: ... · .... : . 
.. .. ... ... --···-··-- ....... ----·· ... •-- .,-Mr•-- ·-• •• • .. •: • • ·.• • • ~ • .... ,-,··-.-.: •........ .-..... · ..... ....,..._. ___ :·--·- --- -··-· .•. , __ ,. _______ _ 
. Study of the complete ·analysis of variance -table f o~--- a __ -~-~t __ ~- -~-- . ____________ _ 
............ -----·· ·-·--·-----··- -----·-··-.. ·--
J . . . 
•I 
· .. 
.. of experimental data allows for the interpretation of ...... ·--------"-'~_.. ________________________ _ . - • .. ... (. •- .. . - . . ........ ··: .. , .. : I .. ·.:,.... ",' ... ·,_;;.· 1· •• .... ._., •..... - ' . ... . . ·-· ".·· .................... -··"~:~:=-.·~~~--·. -
. ~ 
. ------· --- -- -···· .. . 
. -· ·- --
t . ... ' 
- ----- . 
vari~us ·tests of hypo~heses. 
. ,. 
_ The· formulas: to be used in the analysis of variance 
.. 
table · for this experiment are gi.ven . in Table VI. 
Source of 
Variation 
Sum of 
, Squa.res(SS) 
4 
Degrees of 
Freedom 
Mean. 
Sqtfa.re 
,----------· 
.. 
. .... 
~··-...:.._------. ..;_··· __ -----_----_-----_--~_--_---~B,~-~!~~n- -~-~ .. Y~_!_s_· ---=s Z ·. (i~ j-i .. ) 2 . 
,- _. ,. . - o:r automation - . j•l _ . : . 
SS/3 3- ......... 
-
Error 
,: ,.· 
.> 
·Total. 
. "' 
'4_ ----·---- ~ -·~--·--·------ :-·-- - -· - -------- - - --- .. --- ---·------
·' 
/. 
• 
. . 
~ ----------- __ • L.·~-· 
4(n-l) S~/4.(n-l) 
I 
4n-l 
-·-· -·. ·- --·- ·- - . 
. . . . . . ..... .. - . - " -· - . - - - . -
•• ••- ·••• • 
-
-
- 0 ---·· 0 ' 
-·-·-•• ~-- - ~ 
.;-;-
- •••- •r••- M• -
- • 
•' ... , . ., . 
.I,~. 
-·~ 
·-·----·- .. - -----· ... "·--··---.. •··:·~~--.. -~:~·-,-~-~- , .. ,. :;-->·--"-·= ---- . ··.· -_·· ·:· ·-----~-~·:~: ... ··:-- ... _-.~~--- -. ··. ~J- .-- . --· , ..... - - . - • - ., ............. · . .... : .. ..• - ......... ~ - ...... - . • . . ---~-· • . • .. ...... " -- - ... .. 
• •. _ •.. ,.L •. -· .,. .•• , •• ,~--·:·h";. . •• , ___ ... _; __ ~·.:..!.-. - ...... ,.,_ ·•:-·- , ............. :7"1; •.•. ,. ~-"-·····-L.~- ......... , .... .' ......... . 
. 
. . TABLE VI. Analysis<' of ·variance Table 
. ~ 
'.. ,, 
. The terminology used in Ta._ble VI is· defined as follows: 
' -· 
. 
... ··~- -- . ·-··---- ---·-··-·---------·-··-: . 
--· -. : .· x1 -:I = value of the performance chS.ract.eristic 
d for the 1th replication of level of 
automation j . ,.1 ,,,:;· . . . · ·,--.-. 
..... ··- ........... --,---·--·- ~· -- -
-- .. - --
- -
. . 't ' 
.. - _:.... 
- .. 
. ·-. -
. - .;;,.:_ - - - -· ·- - - -
. ' 
" ' . ,, . ~ 
. -· . . __ .,' ,_ ... --- ,-
"'' .... ,._ ___ ..... 
• . . Cl 
·, 
.. :-
' ___ ... - . - '-
I . . .. ., 
. . . 
' . 
. . 
-
,. . . ···,. . '---~.--··----· ----· .. --·-~-,---~_:_~.-----.-~--:....--.· -·-·--=-.--.. ------·--... -·. .......... ~.---.. ,_; ...... --.'....---~---~-· ........... ~---·--·-· ···-~;..:.... .... !, ........ ,_ .... -:.- ....... - •. '-···· .•• ·,,.~-1 - . --~---~--~--:..!.--, ..... -._ ....... -.......... -. ,-........... ___ .. .,.. ............. .,.. ... --.,~.,.-:--:~--· _ .... ,,__._.,.._.,.:.,.. ---~-!-·-···'" ' .. ' -··· .. ·••'• .~-····•'"'•··· -·--·· ... -·····~-· ,.,...._ ........ ' ......... ·· . ' ---~. ' . ' - ~- - - ---·· . . "I. . ,.· 
'·• 
. ·"' : 
; . ·• - . ' 
,, 
.. 
····-'----~--- ·.·:- ........ ·. ·-' 
. . . :.. . .• 
._ 
.. . -··". > ~-- - . : 
1--,-,, -J~c>·F="-•.--·· .. -.• ---·---··· .---·-.·-·· ....... -------· .......... -----·-·-----.......... ----------------------~--~ ~-
' r.i,, 
,, . 
I. - • 
. •. 
J .~ :".~ • -
·-~ . .;::-~:.: -
f' ' 
/ 
f I ' ',, t 
. ~ •, . . ' 
/. 
1•--·-· · I --, 
... 
I • 
'· ... ·. 1" . .: ! 
:· flll' . 
.. 
- •. ~"-.:J ' , ' ' . ' 
' r' 
.. 
. . . 
71 · 
,.'),,~. 
' . 
~· ·. . . 
. .. ·· · ·-.-x .... ··• j. '.= average value of· the performance c;haracte·r- . . 
· , is.tic for 1e·vel o·f au·tomation j ··over all · ·. · 
. , ···:· · ,.,. " ·:"·.,-u,,-.-,~,~~•,..,,~-....i..-.--"••7•......,.,.,=;-"•--·••-~--.-·,~•-:-~."'·""~"'-'''""'T"'''' .. "'''!'·' · ........ · .. , ' . . , , ..... . . . . .. . . . , ... . . ,,,., . , , , :.- , ... , . , , . ··· · .. , . , . .~. , . ·. • · . , ......... . : • , · ,. , , , ·. . . , .. · -.. ,. · ... , ....... ,, .. ,.,., .... :m'~"~•···--.:__•~~...,,...;.,_,~"''-"""'"-···-·'· , ., 
.. ,: .· ·" : .... ,, :-·---~- .. ---:~-----·:---··~~··:•_ .. ":T•~•'<c,Oc'Sc'c·c:·--.. ;··~----·-·-_:··_-···:·:·::~\r;"°:: .-..: . . ....... ·n . ...... replications'. . . ........ ,. .. . .. ...... .. . . ...... .. ... . .. .. . . . .. . . . .. - • ......... . •;, • ...; ... --=·· ::·-:::~~~~~·::~:=-·::~·_·.. • ' 
·~... ' . ., . . .. 
. - _: ' - J .. ' " ' . ' 
.: · ____ ... ·: ... :·-=~=-: __ =-:=--:---==~-=:_~-=--=~=.:--=_ .. ~"',.~- .:-x. . ;. grand _average for a11 · 4 levels of aut.omation ·· -· ~=:_: __ _:_ _______ : .... · -- ,~ 
.. , .. ·,,· .. ,-·~---=- .· ... ~,, .. :. ,: ~:~:.;~~- -~=-==~,-.:.-=-~~~: .. ~-:~~=--~-~~-- .. ::.:~ove;r---al-1······ l'i ...... ,. --re-pl-ica-t-ien~s~ ... :~ ........ , .... : ... : ..... :···'.""'' .: ... ,.... ···--···1· .. • ....... : ••• , •...• :·=·~"';~:;.=-~:~~=-,·:-c,,,=:~cc·::c-c-· ·,.,.,.,.,::07--",.:·:,-c::·:: 
.... 
. 
.. ---~----·---. 
'-
' . ' 
.;:c.._· --.................. ~-------· -·--·----____ .. :·________ Since the experimental object·1 ve: 1, to test the hypo·the·sis · \ 
--------···"······ --····--···· ·-···-.. ···--···-··-·-···-····-- ..... , ................. _. -··---·· --·-·-.--· ·-·-·'. --··- - ·-··-·······- .......... ·-··· . .. - .... ··- ··-··· . .. ·.· ... ;..··· -.•.. ;.. .... ·-·· __ ,-.·.--: .. :. ·_ ·-·--- ·······---·····-.:~ .... ..:. ... _,_. ________ J ____ ~---······---
' ~ 
'\_ < -... 
~ '::' . ~ 
· ... ·. that· there is no difference between the performar-i~e character•·· 
.,, 
-····--·-------·---··-·-··--·. 
" ' 0 
, . 
\ .... .-, .I 
. ~ 
· i-$tics of the four levels of···aut.omated circulation· systems·,. 
·( . . 
the F-test is the appropriate analytical t·o·ol. · This'· test is· 
~ . 
based on three as·sumptions: (1) independence of the. st~tistical _ 
/ 
errors, (2) equality of-variance, and {3) normality. The· 
F-statistic is computed from the analysis of variance table 
-----'•! • ~ •J. I • • 
·_-· ____ ..... ___________________________ j._p_ .'l'~bJ.~ _Vl a,~ f 0110,s: 
------~---.:......· -· ---···-------·---· - -----··· "•"··-'""""'""'""""""'"''"•"'"'""'~·----·""'""'·'""'""""""'"'-'""'""-"' ''"______________ . 
F = Mean S. uare Between levels of .automation). . ____ ·--~-'-- ~-
Mean Square Error 
.. ' - •· -
---------------~----·---------·----------- -
This calculated F-statistic is compared with a value for F 
" J 
obtained ~from a table of the ·F-distri·bution. - If- the calculated 
F is -greater th~n or equal to the_ tabular value of F for a 
\ 
\ 
•. ·--· •••.• -~ •. I. - .• - -
-·---- .......................... ____ , ___ ,,..................... t4r ' . 
. chosen·. lev,el of confidence, the hypothesis is rejecte'd;' ·other;;;..· ·; .. ··------ - .. -- ·-
' .. :. 
wise, it .is accepted. ·If the hypothesis is rejected, .the 
-~-----........ ____ _. ______ ... , .......... , ......... ~-- ........ ···coitclusit>n ·1k · that·· there ·1s ··a difference betweet1 the exp--·e~·tea··-·- ·------·_-·-··-·- .. ------·-···· .. ·------
. -
, I 
·, .. 
'II 
total busy times per serv~r of th.e four levels of automation. 
If the hypothesis is accepted, the conclusion· is that the · . 
. . 
:s_ample differences between· .levels· of automation .~re .attribut-
. . 
~·- .. able to random fluctuations rather than to actual differences.-·-~ 
<: ... in the pel_'formance charaet~rist.:tc. · _ ' 
.; ~ 
... - . 
' , 
,....,. 
, . 
·-------. 
I• 
.· ~' 
:.. . .. - .. ' 
,f " .... 
,; • • I 
. ·~ . 
"' 
I \ • • 
.. . 
. "' . . 
I 
......... - ... _____ . ' . .. : . ·--- •. . ·--- .... ~.------,.----...c._ ___ . __ .. ,_, -- .. . .. . 
- - - ·--~-' -,~·-··--i· -.- .. - ·-. ··--·- ~ . ~··-- ,. . . ;'t --- . . -•-"·--· ...:._.....; ___ ___,,_~_ ~-- .. ····• - ___ ,_____ ,, __ ·- -·----·-
. •·. 
, I . ', - •••• _: 
'\ ,. 
.:... .. - .... • .... 
. ., 
. . 
' ... 
,,.--"'-·-·-- ' ~-.... -............ -~-·-·-·-·- ,., -
... 
. . - ' -~ -~--' .. " -
- ' ..• -- ,- ..... _,._, ___ ~----¥..---....1.-_ __,_._ ,--,-----~~-------· ·--
t~ .i . . . ... ~ .. 
. .· ·• ~ . . ' ... ·. "· 
:.:,··. ''I·. . 
\ ' ,, ' (' 
. .. ' - - ·- ···- -··-··'···· .. . . . . . . . . ' .. , . 
. . 
_, , 
-
. - ' ". 
... 
,., 
I . 
t •••• •,. 
. . ' 
·. ,....., 
.i. .,,. 
. , 
' -~ 
, <f'il' I 
. ... 
.• J · ... 
f . 
, 72 · 
'·,. 
, ... ,..,_, ···-.,. . . 
. \• \ 
. J . 1 I, 
. , . . 
.. ... 
.. . 
• ' •• I 
' ' ' - ' • ' '\-, l~. -· . . . . ' . ' '.. ' .. I ' ' . • ! ·• : ' ,., '_. 
1 ;,<, ..... ;~~,~~~- '. ·: _ -·_, ·· -- - _ _ -~~.:...._!! ..... -~;t!~,-~--MP:ot.he. .. s.i .. tl ... _~1 ... tt ..... re. .. j.;e_ete.d:,_ ...... Mt.h~.-~.~~Eto:M.1.qu,Et.: .... Q! ...... or:t.h.ogorl~.l-"" .. ",~---·~----· .... --i¥_ 
,, .. ,c.-,.,.,. .... ,J,;.,,>,.=--"~·--.-,.1.-·---
.. . . '.... ' . .. . >, 1 
l · __ : ____ ~~'··- ' ... e~mparisons49.attempts to· determine: what c8.~s~'a-the differences··-:· ------~~--/. I/ . . , • ,._,>\"'\• . ._ • -
. _• .. " • ! .. /,/ . 
. . . . 
.. . . 
: / . . ··-- ~· ' . 
. f; ' . .. . -- ·- -- - -- - -------.--------~--i_i_ ·: 
i'- --·--· - :··. ·.• ·-·. _ -___ b_y .su:bdi-yid'ing the_ tre~~ment c··b:ety,~~:r1 ~-e~~l~: .. <?:f -at1~_0~~~·1-qr,._) .. :---~··:-·----==:.=:.~--=~==-=~· .. ·.~~ r:: ~- : . .- . ·:. :::::~:---:·:·:---~---::::::~~---------:-·· ,- .. -- .... , , • , . -, . -·.- ' " - S • • , ' . • • '. • I • • , • • • ' --
. _ · · - _ eum of squares in_to k-1 ( 3 in· ·this cas·e) p.arts, .- each c~rresponding' _ - -_, _-.:: 
•,/ :._~· .. ;:;:~~ -·-. . . . . ~ .-~--------.-t~ ·a si~~~e C!ee;;re(! c:,f'freed~Jll.·· Beca~~e of ~}l~ derin1t{on ~f -_-_-__ ---~~c-;: 
... ,., 
---- ), 
. . 
. _ or~hc;,gonali ty, only ce~tatn compariso:ps are permissible. It is· 
to be emphasized that a~l comparisons should be formulat.ed .... 
.... . ', 
I 
bef·ore the data are examined; otherwise, the- compari·sons. may 
' 
. 
only ·1ndicate peculiarities of the particular data under 
' ' 
'•. 
_ .. examination and not ·the true state.-·1 0f affairs.· The three ' ' 
. comparis·ons most meaningfu_l _ to this invest,igation are: 
.. . 
----- - -- ---------- ------------------------- - C : 
-- --- ---- -·, - --1- ~a,pual ( L~vei l_): __ V~ •. Mechanized ( Level 2_) ____ -·.:. -_--_-------=--------=-----------_--------·--· 
----~--··--L•~-,--.---~-- _ ........ ~-~~---··-~---•--- -- -·-·- ----- • ------•-'" --- • ·• 
- ., . .- -- -C2: Ba..tch ProceE?Sing {Level 3) vs. On-Line (Leve1-4f -------~--------- ------ ·----·-
~. . 
C3: - · Manual and Mechanized· ( Levels 1 .. and 2) vs. · Batch Proc.~ssing and On-Line (Levels 3 and 4) 
.. 
The orthogonal coefficients which symbc;,lically rep~esent 
I these three comparisons and -which are used i.n "the calculations 
for subdividing the between levels sum ~f squares are give~ 
·.-··:- '; .. , . ' .-- _ .. __ ·-·-. 
~n Tabl ___ e VII. 
- -· -... - . .. .. . .... ,. __ . "" ............ --- . -
--·--··········--. ·-·-· .. 
. ..•. ·-····· -- .• - ·'"····~·-···; __ :,- ·..;:. ••. -,! •.• ...,_: •• -.,i'.---·····-·"·· ..•........ -.--
-! 
\· 
- • I • 
. -----··--- ... -.- -.-··-------··-·· -- ----·---~----- -- •--- -- ···--·f·, . 
) .. 
; -: '!' 
... . .. 
• 
. ,'\" 
. ·O ;· .. • 
~ N • 'I 
_, 
·-
,:; ~-I' 
·, 
' ~: . ·• .... _•-~ .•. 
'· 
·: ; . 
,, 
- ~ """!,"- ·---
~- ... 
.. . 
• 
-. 
, I 
-· ------ .... -- -------------
'. 
.• 
. ........... .. ,,, 
, 
.- . 
. 49' · - . · Cochran., rW.G., .and Cox, .,G.M., Experimental Designs, John.-
Wiley & _Sons, ·rn':. , 1957_, ·pp. 62-64 · _ · -. - - · · · , _ 
' ' 
.. _ .. -.. · ........... ··· ______ .. ' ·····-.·---.,:·.·-i",.-.'·· -----.····-···--. 
' 
. .'' .. 
., .. ---_ ,, . 
... _, - ' -,- .... ..... ,, ... , ,..,_____ --· ., - -- --
·. 
. .. . ·,.,,-. •• , I ' . . 
....... _ .. . ' . 
. ~ ' . 
. : ' . .. . ' . .. 
.. -· . -·- -- .. -
' ' 
. --·-···~--:'.!""'°-~~:_:..,:_,_~ .. ··-.: .. -- :--.-• - .. ---- ··-------. .r - ·-·-.. --·.--.. ··".·-·-·;;----·---~-""-·-······-·· .. - ___ ·,_-·· .. - .. ·--. ~- ____ .. ~--··-""----- . _____ --: __ .·- .. ---;·__'.!··-·---'··--··-·-.;· . 
- _· _, --------, ' ··--:-·--··· ,----.· 
I , 
. 
. .,·.... - ---- ·- -, . ------- ... ,· 
. . . . 
• .) J ' 
··:•,.': ···:- . '··: ·::: .:\ ·':::"· •\.,,,-/.'.· ·· .. ·1,-'>t·~·-··,;· . ', \'.' .. :· ·,; . '.': ;. ·. i 
. ... ,, i 
'· 
... . -~-~ . 
. -· .. _,,-..~,.,.,. • .,~ .. -·.~e~~-....,,,.~._-.,_.~ . 
I 
\,., 
. -· - --· ------- ------·-ut ...... , ----- . '-• --- . ----. · ... -------·· ·-·· . -- -- ---- --
·-- -· - --·-- . -· ... 
.., .. ' 
• _____ ....,. --·-,- '---.- •• r--<---,•,--• ••• _._ .. ---··:_ _ •. ,...• __ . ·--~- --.-·-- .. - .. -.'.. ' - ·"-· .. --~---. ·- - -- --- ., -
. -····- - ...... -
---'--- ·-·-··· ·-·-·---·-- . ---- .·--· 
,'•,I rt·•.'.,-·•' 
"· 
· Co~parison 
---.. --- . ----··-- - - - . . .. l _ 
• -.1 
- ·-----·--· 
< 
C 
···--·----J -~~ .. ·- - 2- ·- -..... -. 
,,\ ' . 
·, 
. . .. 
h ... ,, / 
I •• 
-· 73 
., ' 
J • . " .• 
... 
. ' 
·····- . 
. ' 
. ' 
Levels of Automat'ion , .. ·· .. : .. ; .• ,, ...... ~ ,_,._ ....... , ... __..~_,-,,,.,,~-·••••'••~~,..,.,.-,::,:••.___.,.._,_,..-,., ;,' --:-~~'.'.':._".!_,..,..,_.,~~•"'~, ._.""I ~ ........ ~,~~-1-,.,,...._.,,.,.-,;..-~, .. ,,~i • 
• 
'·• --··, .. ,...... .. ............ . 
1 . . 2 · 3 4 
- - . - .. :l: ... J,. ... ·- ••. • .. .. _, • - • -- ' • • - • ·.-' • • • _,.... • ·-- ·- ---· -
0 · 0 . 
. 0 . ~ ·--·-------
; . -.1 .............. , ...... : .. _____ · ... _, _________ _: ---- ···--·--------
' -----·------ ---·----~--------·~-- .... -~------.... --,-~ 
. ·- --- --- 'f . --· ....... . 
0 
. . .fl 
0 
-·-·+1 
- . . ' 
-- -- --- ---- . ' ' -.. . . C. . 
·3 . . ------ ----~------"-··- -----·-- ·=··.--,··- ~--
· · . , -1 - -··-··· -_:_ ·;.;.1 · 
11;_. 
:_·ill_· ••. "',.·_;:".'':..._.,. 
--1 ! . ~ .. .. 
.. __ J 
. f . . ·~ 
. . 
- ·1 
.. 
~. . -
., . 
. . ... 
TABLE VI-I. Orthogonal. Coefficients ·fo·r seiected Comparisons 
, . -·- . . 
. ir:· 
, ...... ~.· i· 
. { 
. - 5-:t 
The formula use·d. to calculate the sum of ~quare,s for / 
--------- - -----· 
- ----------·-------~------------------ ----------·-------· -- --- ----·----- ---------~-- ------ . --------· -~- -~---------, -- -----·---.--
,,• 
(' 
j = 1 2 3 4··- ~4 , .. , , . 
' I 
. . . 
:~~- :. -·· . . .. ··-·- ·-· ---.- .. _ - -
;:-:.<· ,:i 
~~-- . .'=' .. 
·.•· ' 
·1 
I ,, 
where -W j = the orthogonal coefficient for level · o·f · automation · j 
\, 
.r,. . 
.... 
. ; .. :. . .· . . ~ 
~ij = ~ value of the exp·ected total bu·sy time per 
. . serv·er ·for the i th rE!p.l~~~~-t.<?n of .level of 
·'"---·-·--· --~- -~·-·:--~--- ............ ,. ................. aut 6mat ion j · ... , ...... · .............. __ ......... , ..... , __ , -· .. . 
.· 
.. 
. '·. 
.. ,. 
• 
./ 
n = number of replications 
.Tr, . 
The three sum of squares ~alculated from this formula should .. 
C 
- ~, --- - -------- ----····- add. up to original between levels _of automation sum of square~, 
-as defined· in Table VI.- ··Since each comparison has only one 
, , ,I,• 
. . 
· _degrree of freedom, the·,mean square f9r e~ch is equal .. to the 
.. ,.-.... -
. . 
\~ .. ;'. 
· ·: su.ni _ of squares. 
' . 
-- ···---· ... 
-------------------- ----··- -
''c' .. ,· . . . 
0 
. . . ~ .. ' . . ·- . . 
• ,. r •· •·••• ,._,,, . .,_. .. ,_ ·-·-~- __ ,.. -",--,- .. '. •----.-~, ,_,_ ·r•··-- .... -•·<·•·--·--·-•n •. ,__,.. __ ,,., ,,1,.,, ...• L. ~,·-·-••--;-·•-••- , ____ ~ -• --a-- --·N· • - ~ .. ~ ... ' ,.- ..... •--•••:--••••••,.,',~ •- : , __ -,-•NO_,, ___ .;, ... ~,," 0 .... /..1, ••.••• : ..• ' -- '"'"'"' ·---•• __ ,_,, _,_•n-,,;.,1."--·~ - •• • ~;.. .. __ ,h.•.1.-.,.- ...... -,-•-•/oo•_;··""'-·i••••o ,,,..•""\-•T•- .,.. 
. . _ .. · ........ ---- ' - --------- - ' 
. ' .. 
. ~ 
' t • ' ' • • 
. , ~ 
-· .J .,, .• ·1 • 
. ' '., .. 
,\. • j r 
' 
. . . •. ' ' . ' . ' 
... 
• t'' • ; 
. ·. ' •. . 
... " . ·. 
·, ' ' ... 
,· . ~- . •· 
' '! ~· • ' • . . . . ' ..• 
. . . . ... .... . . . ... . . . -~-.. .l.---~----·-:c':"'· ,- . '. ... --~";-c-;-· . . .. ··•·• - .. -------=· -,---
. ' >I _:....:;:..--::.- •. ~.;::.:·.:~· :::::::-.. -:.:-.:.--:·::-:·=-·.-:-."-:..;::::::-:-· _-::.,:~~:-;.;.-:::;,_:-:-:-:-:,:::-:--:.'.~·::-_-::: • ..:-::.:7 ... , ... ·~---·~--··: ........ :.: :·.· ... · .. · ...• : ...• -·- ,---·····---~---·~·:::~-.:~----:-·-•· ·-·-·:· .... ..:.,.~~L,---.~-.::;:-::-=::=-:.:.;;;:::--::::-"-::-: i::··:-· ,_... . .. ---· ·-· - •. .. . ··--- ... - ··--·- -- - -
., 
- "-;- _· ___ ~---·- ---~· ---~------·-·· -··'":··:~-.. _--·--· 
/J •• 
- 0 ~J • ' ' 
• • • r • • , , 
'-, ." ............... ,....___... ___ ... _ .. __ .,_ __ ~--- .. - .. .. . ..... ··---~-·-~--------·-- _.... ..... ----··-~·--.--·-....... ------·-·"•·,-.--~--·--
' ' ,, 
~ . ' "' 
---~·;-:---~~~~~~.':",;·:?J~:~~~·!':t"'~:;-:e'.,"'-~~F".···-,,=· -:-~~ 
I .. 
' •. I • 
. · .. -. .. 
. 
I ' 
,! . 
.. 
--
-·- ' ., .. 
. . 
·~ ............ ) 
..... 
,, ' 
•~· ) . 
'-
The mean squares ·ror'. each . comparison .. may: be compared · 1· . · 
.. 
· c.. 74 -
,·-••~- ,., .. ,.,,.,:.·•·,_..,..,.._..,,,~,~-••',;'(!"l#;t,~';,:-tiMfl'1'11llj jilll \t•~..,_T0;.._,11"""!'fft,.:,.,.,.,.., ...... ._,,,.., . ....,.....,.,,.,,,.~--·.:~-•:,,.,,. ··•· ·'1,•• 
.. • .. , ... , •. ,, ,-.-,.•- ,,,,·,-··•··'"·•-·••-· ,,.·,,., •-····-••··••·,'·· ,,,,,,,. ... ,,. . .,,. •·" •"·•···••••,·· ... _ ... ,,._.,. ,,,._ .... ,, ... ,\_,, ,,, .. -,-·-·''•·••·,-, ,.,., •.. -:'"''"'"' ' " ,, ., _., ...•.. ,. ..,.,..• .. 1•·,-,-,-.,••/·->-·--·,····--·,•"'';.,,-,.,·,-.~,,,,~.T-~ .. --,"n<!~ZI ial - • ·~:,i,--....~"1jj 
--' ''( , 
. 
·. ·,..·:: 
.... , .. · ....~ ........................ :.::_: ........... ----·--... ,-: .. __ .. ,w.ith. the ... er.ro'r.-. mean.~. square.,. :as described---earlier,·· to· provide· ..... : .. : ___ :·\-~ .. :·· ... ~ ...... -...... ~ .. -::~:;··--··.~-~~i 
. . . .. . . 
....... "'' . . . -
. . ' : ·,. - .. 
---~-------·- ·---·-··---··· ---.---- ' --~- . - .. . . '. ' . 
.-·.~·~--·-··-~·-·-·:·.·. __ -~-~-· ... ·------_---.--tests ·of-the se·i·ected treatment eomparisons. . ' If the· · ··c·al cu- - .. , ·--~··~····=·,---.-,,.,.,.c,,,,.,o·o-c·::n-,·,ti 
- - .. ·- .. ____ ... -····------·-· -----···---- ------··--· ._ .· _, 
... . _·: ... - ... :-•."'· . .,.-··.· ... _._-, _____ ._·,·,_· _____ .. __ . ·-. ·-- """ 
.... ' . . ' __ ; •.. 
C • , . _,.;_, .... · .. -· ··.,; ... · .. ·••·· -• . ··-.-· - ...... ----~~ 
............ -- .t .. --· 
:·--':-··- .... -.. --;·· ..... , .. : ·-·• -·-··· - .. ;·· --· -··· - .. 
lated F_-statistic for any comparison· exceeds the tabular · 
,, 
I 
-----~-~=~=-----· __ -. v~iue ·of F, :tor .a Ch0Sen Teiel o:f signtf:l.c~nce, · that CC>DlPai-f~Qil~~-:: .. -~-,-~~:~ . 
. 
. ' . .,.,. . ' ' , . "-4' 
.. :~.:_~~~_.:_ _____ ----_ --,---·contrI't,uteci sJ~--gli:[r·t·c-aiit.Iy- to <tfie d:tf:ferenc~ b·etween. true ... .. . . , . . -, . . -_ .. _ 
, 
....... ·. 
average total busy times per serve.r· found when the original.:., ·. 
hypothesis was· rejected • 
. . 
Practically speaking, the technique .of orthogonal 
,• 
-'";>-.. 
comparisons allow·s. us to·. determine which types of circulation 
• # 
.. ~ 
-~ 
systems are affected, whe~n ~automation has an effe.ct on the 
' 
· -staff time requirements of circulation systems. If Comparison 
--··--~ .. ..:::.._ .. ~_- -~--:. ---.. ~-~--~==~=~-~-,;·:;.--·.::..;.-.-;:c,= __ ...;:.~, .. -· ... , __ - -. "'\ .... .. ....... - . --.-... --------·------ . - .. - . 
:-~--~------------·-----~--------. ---1---·-1s ·statistically ,-sigriificant, then· e·i ther the manual or 
r .. 
----------- -- ----------~--~-----------------
mechanized system requires sign·ificantly more st·aff time, 
. 
depending on· which produced the larger values for expected 
-- ·~ . ' 
.___ .. busy time per server during the simulation runs. The same·· is 
R 
true f'or Comparison 2 exc~ept that the batch processing and on-
line systems are being compared. The interpretation of -
:_~ _____ :_:_,_ .... · .... ~.~-:""' ...... " .... : .. :'... ........... Comparison 3 .is somewhat dif:ferent .. · -If . it- -is found- -to -be-
.. 
--------,.-... - .. · ···- ------- -~-------·-··-·-· 
· s&ati.stically significant-,· it can be said that the combined 
staf~f times required by either the manual and mechanized 
'·,," 
. ' 
systems or the batch processing _and on-li.ne systems are greater, 
• I 
• 
' ___ , ____ ·Q. ----···· ----u--~---·---- ..1· •. 
again depending on the values_ of the p~rf·ormance chara.cteristic 
,, 
being generated. Since both the ·batch process.ing and on-line 
-~--Systems Util~ze the computer, While the. Other tWO Systems don It, 
., 
. ..--... 
:.. ·---._T __ ...... -~ -· .•. hO ......... -
. . 
. ,.. 
.. 
' . . -- .. . . 
',t '- ·- .:.:..... .. ·- -· - . 
. . . (;, . ' '· 
,1 • 
,' . . . . 
- - -.;··. _·· - :::_·-~:·::..: __ ,-,,~.. :; ::·.::-_,.,_.,_,,., ... ~- ·······-· , .. -··...: '" --,- ,, __ - ··~ - ,, __ , ----.. -·-. -_-------"":'- ·:--·--·'' .•. ~ .-, -.. -· - .·-··· "' .. "·---~. , .•. 
• i' 
'I ·1 
. ,. . ; ·, . • . J 
. ' . '.,. . ... -.. -·, 
... 
4 I 
. . •' . . 
. 
·--- ::-:;'"' ........... -:----• _. .... ,-··y~---.-~-;-;:----:,";7;:;:--:-::".':"...:-;----;.=-----==-.::--:-.".7:::'.; •••• :;., ""•-••-·-•->•• ., • .,_..,•••-ow••••·-·••·••·•••----: •• • •••• ••·- .. _,., .. _.·~.---::---:·--=:-:;,'::,";" .::f'-: .... -~. •,.-•• ··-~• :·•-·• __ ,. •""""- •-•----- - , ..... ,. • • • ' '7- • / ''" • ,· - ,'::; -• • . • 
. -:. 
4· 
. ·. . . . . . . . . . . . - . -~ .,·.... ..... ~---~ ··:r:::·< . 
"' .. '' . 
..:.- ." '• ..... ••~-~- ' • • :' •L 
.... ' 
.,--,- -~ . . 
. 
... 
- ' l:~j 
' .. 
' ' 
- ,.... • - -· - '-:-·. ·-· .·.i:--:-J ~- ._._ __ .:----. -- ... -_·,_~_ • .!..: ..• ,-..l:.._._-....:;. :...._.,-.;.-_ ,._ ..:.-:--r-~--.·--:--:.:--:-·---:-·.-_ .... 
' . - . .. ;..-, ............ · .. , . ·,·, .. 
. ( 
' ' 
'.'.'
1f'1?·%~~2,~~:·'~t,~i:1:'7·~;/i~:;:'?A '-' ·•·· · .• ·.,. '··• · .. · • ·.. ····,.:.,· .. · · 
' 11 I ,'' 
-· . " .. ~ 
I • 
I• ' 4 • 
. . . 
,I 
. ' •-·· 
1.,. ;'' 
,.. • . . 1,-\t!, .... .-.;. 
. ', 
...-: I L ~ ' ' \ " 
' ' 
'.,..-4•,. . j 
' 
' . ' 
/r 
I 
\ . 
. I 
' 
,. ' 
I 
'I. 
; '• 
: ' '. ' 
" I 
; 1:' 
F'' . 
I. 
i, i 
' ' ' 
. ) ' 
,. 75 
... 
·.: . 
. ' . ' 
" 
,11(),i.,, 
.. ( 
-· Comparison· 3 _ provides some information concerning· the ability·.. . . 
~ •- , r,- ,_,.,,,--ol• r•, ~,,1r••'•f>~•"""''"""'*'',..,~I .. -~~~- .. -._,.,\,~•••-
.. ,,.. .~..- _ , , 1 ..- -• • , r, , • ~ -
, \ I f 
-·--•· , -'· •• •,,••· .,, , •. _,., •• ,., ,• _,••·•, _....,..r,.-:--·.,;-••••·~·--,--,-··."1-''-,-- •<•,'"--r,e,s,,-•»-« • 
! .:..-. .-•.~,.,.-,·:,~~.·~~)l-.,[~,:,,-:'.'!1-~~~-~~,-·!.,..;c-,h_,"~'"'''":"·-~·t·•.- ... -.. ,,.,-,., ... - r ;,.,,-,.,., cr.··"S.·:;,••,·,,• .. ,-,,.,,,.,--,-.·•,,·,.-.,·-•.·.,,·,•·-·<•·,-,s·,.-,.·,·.-.-·.··,-,--,",-,,., .. ''.,, .. , ..... , . ., .... ," r, .. _,,,,~-,-,.,,, .. ,,,,,.···-r•••, ... , .'->'·-••···•,• -.-·~ c···-cr"'-r·- ·• , . • t I . j :- '--~--- -~--- ~:::- c-· _of _ the c omp_ute r _- __ to ___ reduce ____ the staff ___ time _ re qui renients __ in _  _ _ __ __ _ -:-------- c---~ ~- -.~~ 
1
---- =·=- -====-=·=~-"':--:--c~TCUlat ton: ····systems ; ··-- ---· when t li~ -.. -use:or::o ttliogona.r:comP-ii.:tii6nEr.-----~-------- ---
r- -:-.; -~- --- - --is combined--~ith th: mathellla~icll1-_ 1aw or transiti~ity~- Wh~cl;--.-- -,---·· .. ~ 
~ l'. . . ' . . . . . . . . . . 
----.. - --~ .. 
- --- - - ,._ -~ --
. . ' . 
+ ... · .-,--.: ... -·-••••---'•-'"'"•-.. --· _,...,.._..,,,-~-.... -~ ...... ---•• ". -~--- ,·.-·- ·.-,.•••~ +•, • 
••' •-,.,•--•-••,•••• •- ~· ---R-·--.-~~-·-------
:; ----·-···-·----··-.·---- · --------··s.tates. that .'!if ... -A· is larger, than- B·,· ·and· -B is larger ·t·lian C, 
,. ' 
~. 
f 
t 
--·-
': ·--. 
____ ..... , ................ _ ................ . 
' . l 
~ 
~-! --
~ 
-· 
can be obtained from this experiment. 
. ,, 
I 
.. . .. 
.. A slight modification of the original e_xperimental design: .. 
1 
. .' 
. 
• 
. . ' 
•• 
. may .be. used to provide even further information about the .,, • o\ 
.,, ··--------- .:.-_ ··· ··"d:tffer.ent levels of automation· in circulation systems. The 
----·-- ··- -~ 
original de.sign ./called for the same number of servers for each 
. level e·f automation. This-was n~cessary in·· o:r~er to test the 
' \ . . . ~. . --- --·--- -- --·-·--·----·-. ·--- ---- ---~----~-
-·-~- -·-- · ---- -
- .... . ' [-;--, -·- -···- ----~--~--·-·---·--· -·· -- · --hyp othe s 1.s given • . If this_ hypot hes is . is re j e ct e d , then . it 1 s ·.---_ -c-cc--c··--.• c----··--·---,···,·-·-~ 
E • . . - - - ._ 
' -
~ - -- - . -- -- - ------- . ----~------------- ---·-·- --------- ----------------- - ---- -·-----·-----··-------·------·-----------------
t ; 
. ' 
or·· interest· to find the number of' servers. required at each ..... 
' . 
·· level: in. order to have equi·valent performance. To accomplish · · 
I 
th~s, the entire expe.rimen·t must be repeated using a trial-
and-e_rror procedure of assigning a diff e;ent number of servers· 
for each 'level -of automation until ttte · J'ypothesis is accepted~ 
, - --- . .. 
------ ------ "' 
.. 
I 
:, .. _~ ··---- ··-·---~·-·-·--·-· __ : ..... : .. Thi.~ P:roc.edu..:re,. i.n ___ effe.c.t, .. :results in the ·determination of .... _ .. ·-······-·-.... ·-··-·: ____ c .. ·--·--"··-·· .. ····-· 
'· ' 
~ 
i 
the· s.t~ff si·ze.s which provide equal pe-rformance, in terms of 
. '-~-- ----·---··- -!· 
'i' 
. - ... -
· sta·ff t·ime requ~red, at a!ll levels of automation • 
. ' 
'. 
-J - ·- " _ .. 
.... --·--·-······-··· ·-- ....... - - ...... ____.: __ .. _______ ····----·· .. - --- -·-·-- -· .- .. - . - ---- -·-- ·-·-··-
.,:. 
.._. ----· '-. ~---.. ·~·--·- ........ -···-··-·----·-·· 
I .', 4...,.....- ·--·--~---·- ' ------·--•••, . "'°_....._ ·-· • -- .... _._' •·---~-·-·-~•-·•-•---,-•.--,-~-•••----•; __ ~--w·,~••••1----•"•'.•••• ,-..-- .. -, .......... ,_ .... _,,._.,..__~-~r-~------,>,-·-•---'••• ~--·-•••---=,...._-.,,------·"'---·--••--n••-,•-~• ----· .. --•--, ... -.. ...-:-••-••-•---:--..... ~ 
- --- ---
~------ -- --·- ' ---------·- -- - -- - -·--- -- -
. . 
', ....... ,.. ---
-· . 
. 
C • • • .~.. ~: 
- ·- .... ~r 
' .. 
. --- ' . . 
---- - ---------. ------ .... - ---- -- -~---------------... ---,----~--- __ ,......._ 
- -- ~•- --- !'.: 
-·----· -----------·-~-, ·- . 
------- --· --~-.~···· - ---- - - .. -.- - - . .. . 
., 
-- ----- ---------- . ·-·-·----··-- -··-----··---.~------------
• ...,.I"/.·. . . . ' . . . ., 
... 
• 
. . "" . 
.. . 
. . 
. ... .,,.·.>··•-'-'. •.-=,,~ ............................... --. ,.,.._.._.,a- .... _~.-...... -"-"._._. -
. . 
•• - ·-·-·,_ ... -'-'• •·•··-- -··- I ' 
-- ' _.," ..... _._..;_..; .. .-.~-~-_,,.-·-'""""',..,,,.. ___ -~~-----·• . . ... -
-~----.t~•• .. ..,.,.,,,.,,_.,., •. !,......,....__u, ·-- ,-.._.~ ,----·-- ~---'---,--- ,...., __ ,."••-'_._,., __ ,-.:._-.. .. -----,.--...- ........ • ~-
• - . ' . 
. ·-"- -- --· ·• ~--- ---- ---·------· ------· ---
----- ------ __ ,_ 
·- -·---- ----------·--- - •••• d -· -- ••• 
~------- --- . 
' ' . ' 
. ·- . 
- •--·~- • I 
~ . . . 
o, I,,,, 
.. 
. '. '. ~ 
' . ' .. 
, ' ' 
, .. ,. ·--·-··----·--··, ··-. ---.--- ----·--- . _____ . ___ __._ _________________ . . 
-··-·· .. 
, •r••••---·• .. •• " It 
.. ~ --····-··· ··----- '. -·-:-- . __ ..... ~:,_...,.. -.~:-.:.-· .. :~..:- -._:..~:.:.:~.~~r..:~..-:;c.-.;-··..:--.. e.. ...... _ •;,, 
. . 
' - ·: .·····' ·,· . . '' . 
-·· ,, 
·, j • "' ' 
• ·•··~•·-- • ~ I 
I_·:·,".""<,,•·': .•... n.,;~c.1'.':',~~-.i"r~:~==,,,,,.._-,,, __ ·, ... , .. ,,..,....,,,~.,_, .. ,.,., ... _.,,,.-,.,., .... ,-~ ..... ,- ,, ,,-.--·. -----.,,..,,_?;,~-'"':"'~~~·~:·~-- ,. , -,• .. _. ·. •··· .. --.-·-, ....... : ... _· ---·--,.-. _,..... __ ....,.,, ____ ..... ··· · ·· ---· .. ···--··---·--··-----·· .. ·· ·"·- · · · 
•,. ,. ' ·, ' 
. r"' .. 
-,··:· .. :,-·..--·--:"-···--~---~ ...... '"~ ......... ~=~n·,.,,-.".~.:-.:._1-:>;-i,_:,:,-,.i_:.7~'.'{·~t~~~f!r!.z:~~~~":?~~';':'~'l!--~.-r·~-~--:-r---:-·,; 
... ,. \' : ' ,. . 
. r 
... :...;:,.~ .' ' ' ,' : ;,. ._.;,.· ....... .;.. ..... ,~ ........ ~~~~~ ........... ~,-,-..,:i-.i,-..,,., .. ,.,-.----· ... ,.,,._.,, .. ,'-••.•,•,:. -
' . 
" \'., 
' ' 
.. '· .· : .. I , 
·\· 
' . 
. ~ ... : ' . . .. : ' 
. 
76 
'. -" 
o,, .... ~ 
g• • ··,~ '•I~- 1·'. -~ -
.-. 
,. I• ' ' 
· .' VI. Example Applicat_ion·" 
.. 
d 
.. . I \. I • , . ,, ... .., ' . ... ..,... ' .\ 
. ·. 
•· ...... J 
'l'hi~ · se~tion cons 1Sts ··of -an_.-examp1e-o:r--the··expe~1m.entar~-- .· ...... --:--·«·· . • 
.. , .... -· i·: .. . J ...................... ·-······· ........... ,.... --·'·:·-·-·······--···-·--··· --·-···---··--·····-····-·····-----~---· .. -·-···--···---····: 
. 
' '"'f'" •. ,-'•;•,-• .,,-•.'~-~-"-' ..... .....-... ~,.-· -;-"·•, • ., .• L,,, •• • 
' 
. - .. . . ··,-·· - --· -· -- ·--·-··-·· - ······•····:·····--· , ..... ········•: ·". , .... ~ .. - .. ,. -···· ... , ............. ·-· :·······-·· ...... , .. ,. ______ -
• • •-•- ••• • -· • • • .,.. • -•• •- r • 
• • ·•···• • ·•· • ....... -
• ~ I 
• 
- \\_ 
·· -- ·····-- ···- ~nalysis .outlined previ.ousl-y -fo:r;;.quantitatively--analy-z··ing··-·t·he .. ······, .. ·-,·-.. :·= .. ~,,~·~--·~"-·~=,;.-.... ~:t .... ·.-.. :.: .. : .. :~.:::.:::..-._._.::.~-.;::...::·.: ..... : .. :·: ~--· :-:· _·_·_' -_--. 
1 . . .. 
_:: . --: ... ··- . .. . : . . 
, . .. 
. . 
. . . . . . J ·--~~·-··=·,·=:~~-,·:.- <-- ... -~--~--~ff·ect- -·o·f--·a-u-t~ma-t-ion·· on---·the staff· time _requirements o-f a··· 11brarycc,.:·::::.=~=-~~:_:_ ·1--·_--.. - ·····::--·-,_-·,;:·.-_-c-cc-:~c,:cc---,-- ·--·-·····- --~--·-- · · ··· ·-·-·· ·; , . · . :., ... · ...... c.. ccc .. : ...• : ..... - - .· · .· ,·,•· .. '.·., . · ...... - ., ..... · ··: . · ·· · ···•. · • -······ ----···.-···-··--···-···--······---···-·-·····-·········:--· j , - --·---"---------Circulatiori system .. -... The ,examp.le given . her~ !f> ~t)~l'E!\T!.l!l.'t_~(i __ E;_<:>,:1!!~:-~:~:-::::=:~=:~~,:= -'-···--------~-~--- -------=-~-=--~:-.~---:--~.:..--···---:-~~-~: _______________ ... ___ .. -.------·----········-··-··-···-·····-··--··- - ... . .... - ·- ., ---- ... ---··. . .- -·· ... -·· -·--- .. ,--· ........... -----···-· - .... --- .. . . 
. ' ·. 
.. 
-· . . - --, .. ----· . . ···-·· 
what for eas.~- of handling, t:tnd in some casef3 __ ar.ti_ficial dat~ is_ .... . . I . . . - - ·, . . 
used.· However, each step of the_ an~lysi~ is illust:ratedand "-- ____ ; _.,. • ·-··- - ·-· ·-·--- -- -- - # - -- - • 
- --- - - . 
. I 
-· •• 'II 
·, 
·" . ~-·~----
. described in detail. 
r 
·, 
.. 
. the description of the· proposed experiment and its relationship 
( 
.. 
. t,o the model. 
.. 
-Tabl~e VIII shows the results of a silllulation ·of. the arrival 
' 7 
•-•·•-• .. -·--~-•. •••n •"'•-.~-~----·••-•••·•·-•" .. "'"A••••--•--•••••-- •. ,,,.-. . . 
------ __ .•.. _--·- -- _ jrcJrrpwer·f·s ·. trip;·to ___ tlie--:C:'Ir"culatl:6n-: des·k'''"'a:ri4,-p:r9vi'deE? ··the data ... ----·-·-··-~· ·-···--···-·····- .... · ... ·-·· .. . . .. . ·-··. ..................... .. ":··-, . . ...... , .... " . ., ....... . ' l . .. . 
. . 
.. 
~ . 
the an_alysis. The data was generated for a. system wit·h three 
--servers and- an average borrower inter-arrival "time of 0.25.· 
. The service times -are,· bas·ed on the standards providid for the 
third level of automation. All ~he coltunn headings were defi~ed .. 
·in .Table III with. the exception-' bf NOB, the nuniber of .books the \" 
1 
.. __ ...... -·- ·-···---~- ....... , .,. ·-·--·····---·--·- .. -·~··· 
·-.. .. 
. . \~ ,. ·-· . . .. ' -' .. ... . .. ' ....... ··' 
., - , ......... ,, .... ·-· .. .. . . . . . . . l . 
"··· ·------·--·-----,--·---,·~·---,·--·-···-····?ith _____ bc:>:t.~owe~·· brings to the desk, and QUE, the number of other 
- ··-·-·· - . . --- ··- --· --
.... borrowers in the system {including those being serviced) when 
the 1th borrower arrives. For the sake of clarity, a description 
'• 
/ 
. 
___ .:~!- a.t). entry in Tabl.e VIII is proJided (all -times · given· in minutes-fr--·--·-· 
. . ' . ( . ,. 
. 
- --· 
_,·. ,---------------.. ·-------------·-···-- --- --, .. ---·-·· .. 
'. 
1,---..-.-,-----------· -- - . -
. . -:~-~---------·------------------·----· .. 
;·_·:. -~ _:·· 
1;:·:·' -··. 
---·-·· ... 
______ .. __ , _______ . 
.f . .::-:./··------·---· -··· ·--· 
\!_,.. ·------ - -------- .. 
·--·-···•--.: -··--· ---·--·------·-··---- - . --·------····· .. -
;..._,, •. __ ,..• l. •• ··--·-···-•··•-·····--··---··--·-'r-' ••·- - - .. , .. , 
The. tenth borrower arrived at the desk·at ~-70. 
and was assigned to the second service s·tatione · At that time there were three other borrowers in· the 
systemo Since the eig~th borrower.did not depart .from 
--~his stationunti1·-· 2 o 77,· ·the ··tenth··· borrower··· ha:a a·······-·-··------------ .. 
. waiting· time of O o 07 minutes -and no idle t~ime was · , -.. ,·~--~-- · ... - . 
·· accumulated by the .servero He brought one book with · 
. 
\ . - . . ' ' '•' - .. him, was served in o. 22 minutes, and. left at 2 .99 •· · ··-·-····------------------· ·. _. ---~--------
; .. ,. J ... 
.. 
' \ 
. "' . ' 
.,.,., .. f; . 
' 
._ , I 
1 
,, 
i ' ./ 
'' .:•··./:'c'.({':\1':f'!;;::;~,:'/:\ 
', ... 
'.-,i _,. f 
.. · .. ·; , , I 
,I_ 
I 
~ .~_lit • ,., I ' /; :•. I • , • 
. ' ··-: . 
. . . ' ,.. . 77 
. , 
'. 
1 l I I 
I , 
. ,. ··' 
. ' 
• I 
' f. I : 
; ' 
- r . -
... L ... 
. ~.. .. ... ' 
! 
. .r .... 
., ' 
1, •. 
. . 
I 
. ,• 
.'· 
' . 
·....:.l _ _....;.;,ic1·,:..-· __ ._T_A_T ___ I_DT_. ~"~ .. _N_· O_B_. ___ "'""'<---WT_. __ ·ST_. _ .. ______ ·T"_T_·. --·-®-·_E : .. : , . 
,.,, •.( . 
. !J 
·- : .___ :~==7"~=}~_- __ :_~_i: .~~- -- ... 9 ~ gg ·--·- _ ._ ~~-(;)9 _ '. . -~----g-~ __ :'.. J? · 0() --- _ -·- -· ---_ Q. ~5_,. _ -_- --·-,--- o! 45 _ -- -·---- ___ J) __ ~-~ -:---:--· . :=~--~~---·-·oo•~---~:·--;·· 
. . ' . . . 
' ' \ 
'.-·~ .:. 2 0. 32 0. 32 2 - O. 00 0 t 69 • -- 1 .. 01 l.~ ,, >:.::'-:'->.:: -. cc·---"- .x. --~; .c ... c, ... c, .... ·,• .. 1.,., <- - -· -- - .. -- -,;_:.,, .. , """' 
--,,,- : i"? ( :fi~·: :_3:~- .-_- __ ·_ : __ o-~-o+ --~- .o .-57- - < 1- ·- •- • - o. oo -- -· · o. i~r -0~90 . . _ 1 · · -,--- -·,-,, · 
. - . . . ' . .. . ' . . ' . ' --------- ' ' . ' ' ' .. . . .. . ·- -- --------------- . --- . .......... ............ ._, ..... , ... _ ... ~ -.-- ' . ' 
-•. :·::~:-.·-~:::-:-.·:::= _ :---,' f--f~f =--=---~~:o~· ao·,;-~ •- : 0 ; 35·~~=3 -• -- 'O-t oo -•- • ;-. ·0·~54· :· L,,_ i : 64 - --· . ~ ' ::_c : ::__ ===•' =- -- -- --... ··-··-·· 
·. 5 3 
. .0-______ -·- -- - . --"- --
-6--· ·'2c_·;·: 
-T - __ ,- 1 . 
"":" -.. : 
. . 
:a· 
·9 3 
.1·.~-- 0.75 
~-88 ., · 
· ,2·. 27 
2.47 
.· 2.50 
, . 
;. ~ 
>, 
o·.a.2 _ 
. 
.. ' 6--,--,---.. -.. 0, 3-
o.48 
e. 
, I 
3 o.oo ·0.65 
_·. O· - .... _ --- -- -- -- ------~ -- -
·-. . -
i. . . . . 
I I 
-1.99 o.ocf ·~ o.·16 
.. .... . 
,. 
1 
_ _.,_ -"'-'s,c·-·"->'''"'' - 'f., ... ~--. • ,_.., ... _ ....... ,_ ..... ,-..... -.-.,._ .. ,._ --·----·,o·~··""·"'---·-·-=·-- . ' , ~ 2· 
-.1' 
l• ... ~ 
.- . 
o .. oo 
o.ao 
-
o.oo 
o ..• ,52. 
0.30 
1.24· 
2\79 
" 2.77 
3.74 : 
. 1 
1 
2 
'' 
[ .. _.. 
I 
... ·--. ~-~·- .. ... 
2.70 
i . 
O • 07 - O • 2 2 -, 2 ~ 99 3 . - . _ -
. . -------------------------------------------------------y1-----------·--
o.oo 1 
____ ___...,:._...-_ 
--__ , ...... ----~--,...~------·---------···-------;; 
1 
·2.95 0,16 ---3--· o.ooa 0~10· ~ 3. 6·5 2 
·12 2 
____ ____:.. ____ ~-----~,:___----------=------~------__._ _______ -:--_ 
3.04_ 0.05 --- 2 o.oo o.49: 3.53--- -E ~--···-· -·---· U --~-U- -· -----~---,-.-_ ·--· .. ··--·-·--·- •- ~--~ 
0.18 
. -- . 
~----_ ---~1~3~--- --~2,-----~3 .~3)-C5~--o. oo 
. I ~ 0.27 
.. , 
,,., .. --- tt---~-i----~ ···--- 3"• 60 
I . 15 3 3.61 
I 
16 2 4.0'2 
· 17 1 4.54 
•-• ... . -., ...... ..., ' 
• • > 8 o--;-o-o~:~ ---- --r-- - ---· --·u~-. 0-5---.,..- -- o. 1 · 
'o.oo 2. 
"" 
0.22. .:. V~, 
1 
. . . . ' . 
0·-·13: 
c1-~·-oo · _ 
0.-00 
,o.42 
·1.27 
0.20 
3.80 
3.83 
4 .. 16 
5:.~9 
4.74· 
3 ·' 
3 
4_· .. 
. ·1: 
" 
l 
· ..... 
.. 
·1.8- 3 4•69 _ o. 53 ·o - o. oo · ~ 0.10 . ~· 4!79 __ ,2--------------~------ _ 
- -- -~- ••• - • • -- - -- - -·- ---~- . _.- ___ .•. _ •••.• __ :. .... - ··- --- ~--. ··- - . ·-··- -~-- •. ··-- ! .......... , •• ·~--·- ••• - ••••.• -· •••. ··--···'~- ..r.::::·---_-}·· .; .,: --··-_. :.~ .. : _ ........ , .. -. - '. ·-.------ .-c -·--· ···-· .. ---:_-·-· ~- - ··-. - •• ·-·- ... ·- ··----- - ··--···- -·- ·--- ~- --- ~-_:.._-. --···--·--.. ·-···------------ -- -- ·-- _,.. --- ~-~- --·-. - - - - -
. . . t \ 19 _ _ .. 1. ----- -- - _,.i9. - ---0. 4; .. ·, 1 0.-ee 
o.oo 
o-.j1/ 
.0.55 
5 . ·50· ,,. ------- -1--c--·--· - ---- '' ------- - ------- --· - --·--
------------. , ....... -------------- .. -- .--.------2·-n ---- - . ""3"""' 
'- - V 5.35 j I • 5.90 I 
·r ~ 
' i" • • • ' - ___ - ___ -_ -___ - ___ -_. =----'."----· ...--'-__ ......,..._, _-_-_-___ -___ ~.,_ -___ -_ -_ -}---. -- -___ ... --· 
---------------------=----_"'--____ -_____ ., ______________________ ... ---·------, ............ -:---~---- ·---··------ .... ____ _: __ --------···---··-· - -----~-----··---------------·- ---·---- - ---~ --. . -- -- . -- .. . - . - ,·--
'·'*' • ,, 
.... 
/' ' ·• . ... 
.. "( ' 
' ' . ' 
~ 
' 
q.. ---~-------~--
---------·---- -;----- - - --- ---·---------· - -" .~- ~ 
=-"'"·_, .. '--------. ____ - -,_------::e----.1T.ABI.lt--Il!-I-~ie 0utput--From- ~1:mutat-ron- ~f tn'.e--MOdel · · 
,·{ ~-~: :'.' . . 
5t/~::· , 
,, 
·,1,.:',': . 
,);_\:,:. ·:···-· -
/.·_:<,-:: ' 
,,1t-·:,·.·.-.' 
!\·.: '~--- ........ ··-- : .. ,~'--- .... . -- -. -, ..... --; ------ . --,-- --- _"'_ -- --: 
.. ·• .. . . . -~-- ··- ............ -···· 
. . 
. . '' 
. ~ -~- -- , ___ ...:._. __ -·-. ,,.._ .... --- ···--:-~- i. 
• , I 
' 
. . . ' 
',__,__ ________ ···-- ··- ___ ,. ___ - . '··, ...; ___ .. _ ·-. ~--- ,- . 
0' : C • 
\ 
'• . - .. 
.. .. 
. !'•": .• ~ • - ... ;'. 
,/'-
....:.__,,_..,., =-: ~-'-- ~-~==-=ccc"°=·"=""·--~ft .• ,~ •. ,-__ ~-~-=--~- ', 
.·, -~ 
' ' 
' . . ---------- ------- -- - ----. ··------·-····-----····---:·--·--=--------:------~- 't----.. -·-.-··-·-- --------- ---- . \, . - '--------
. ' 
·.. '··---t·,·····,· .. ----~--,..--.-. ......... ...... _......,_,,, ·.··, •. , .• - -· -.. =---..., .. -.~--------········ . ' ' 
.. ·-··' ·-··---~~........ ' ' 
. _ "l't': , . . . . ' . , . • r,-·i·""::-;-:~-"':·:.'·.:::v:~•·.·;~~'. ..... i;~"."""''--; ... ,"'~-, --"":T-r,,~---:·:··.~'""'t"·.-: :,: ,'.• ··~~ ..... -~-~-~-.. -... _ ~,..::,,;;m~n :_, ,,'lt£"'1~-·. ··, __ . ,' . : . 
. - - . ~ ... -- ~. --·- -·-,- -·-- -~·-·- __ ..... _. :·-- .. 
-- - - -- - -- - - - . . . 
~. (, . 
. ''(' 
• ~ I' 
. . . ·--.--..., 
'V' ........ _, ..... . 
., •. ~ . . .. ..... ,c. 
' ' 
.. l. 
". ...... 
I . 
.,,"'•·,.~i-t.u 
~,· ' . 
~.. ' ... , 
' . 
l 'I 
'c • 
' , 
!,- · .... '.:... _____ ' 
~ "' G ' 
' I .- ,·"• •· • t 
,: __ , -.-- .. -~ ..... ~~-----~~-----~-, .. · .. '"····-·,,F.9~ t.hi.~- e~·~pi~, ... ,t.h.~.- .P~ rfQrJ.118.-PQ.~.-.. -~~~r~~'t.~_r:ts tic of . .. ,- ·· 
"'. .~-- r _,.. .. _. - .. - - ' . , •' • , . , •. . ·,. ····,· ~ .. • ···, .... , , .- •. ~,,.-... - ....... ._,,_~ .. ,. •... ,,~ .•.. ,.. 
' I '. "\I ' ' • 
., ' ' • • 
:-~--~-----.. -~--------·---~-: ... ~-------.. ---~---!~~~f.est is_ the. e~p~cted. __ }?~sy ti.W.~ .P~:t: _. ~e.~ver~ A..s .. noted._ e.a:rli~.r, 
\ ,. 
78 
,,:'•,:,: 
I I,,'•-~ 
:·. ···, 
.· "~ 
. . . .... - ... .. . . . . . , ' 
_·:c .. _ '~ "~--= ;:~'-';::_ ~: - .-thi~ measure reflec·ts , tb.e perfo·~ance of. both attendant-borrower .... , . ·- ··.·- .. --~~-:-~'. 
-= 
....... -----·--- .·~---·-·, ·-·-·- -------------- .. ·--------- --·-- -------- ...... ---------------------·-------·--·------------ -,---,--,-- . , .. · ... ,'.. ·. ---- .. 
- - -- .. ······-·--···- --·- :·· .--,inte·raction procedures and attendant-only. procedures. The ·······-,-~·,·.,_,. ___ ·,-···-- .-,~ 
~ 
,. ---.,_,.,_,. • ·~"'.-'· .. ,.· ....... , .•. -.. ~-·r·· ,a~.-_ ... ·c.. .... -·-··-··· ------····-· """·-····--····- .. . ....... ··-···········- •· ----···-----····--- .. ····· -- ·-' ···-
.-------- . -- -
. . .... , . . . . -- . . ., . . ' . . - .. . . . - . . .. -·- . ' ..... 
-- ... ' ... -· ,. .. -· . . -··· ... _...,. .. -- ··•··· - ...... ···-. ...... - ........... -··- --- --~-· - --·~-- --·-- '. -- - . . .... , ... .,,. -·---
.. - ..... ·- -·-·· ........ , ... , .. --· ...... _. ___ ... . 
~ 
. . 
··--- .... --·· ··- --- -·-··-· 
.calculations are given below for both types of pro,cedures: ~ .· ~ - "~-"~ 
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Expected Busy Time ·(Attendant-Borrower Interaction Procedures). 
. . 
-::-:-;-·'--::..:.:- ....... - , ... ~-~-- -- ---- ----=- - __ . . - . -~- --·-
J ·.·~ This--· is merely the average·. time . (ST. in. Tabl~ VIII)to 
'-serve all twenty bdrrowers. 
• I 
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Server 1 'Setver 2 Server 3 
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" , -E.Xpected BusY T~e = 9. 85 ::0 3·:-2e~ mi!lufe;/ser;er 
. . . ' 3 . . ' 
It shoul·d be ·noted th.at the 18th borrower came to the desk 
to recall a book. The time to se.rve him is included in 
·the above calculations unde! Server 3. 
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·Expe·cted Busy Time {A.ttendant-Only Procedures) 
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· Charging: · 
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~-- - -- ------- -- -- -- ---- -
. ' 
-'-----· -···-- ----- -. -----,-- ---~i·, ···-- "'--·- .. -- ··--· ·- ·--- ---·- ---· --· 
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/-~; The number of b·ooks charged ·is calculated b·y s1Jmming · 
.t:i,.e NOB column. In· this example 37 books were charged. 
·-;-,·.·-;c,,--,.,.--r,-----
.. • . • - (<- ••.• 
)' 
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l • . 
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Since no attendant-only procedures for the chargLTlg 
_ -~.. . function apply to. the third lev~l of automation, no busy· 
')) time .is involved. .. .· . . _ 
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The number of · books dis charged . is calculated. as a· 
--·--.. ~-----:_, ____ function of _ the _number __ o_f \books. charg~_d w_ith ___ the~ __ -aid~ ___ o_r__ ___ ~ 
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·"-···-~---~-Th.ererore, Y = 52 ~ 7 + o·. 55 ( 37) = '73 ~ 05 · , . " . . . . · 
__ , _________ :.\,------ 0:. -----~--~-----~------- ..... To. determine -the number o·f books· discharged from -Y., -we-: woul-d -~- -: __ -_----- --------~--~--
. -normally take a· sample of one number from a normal d·istr.ibu~ . · 
-__ : __ :-~>:'- · _c_:<.:_ - ti'on with µ = 73 o 05 an-d 0-- = Sy0 • ··However, f'or purposes· ~ · __ :·~::::::i 
----- --·:,~~:-----~~~~~-::<of· .. this-- exampl_e, - _it is assumed that 73·. ·b_ooks·- are dis·cn.argea---~~~-.:~--~-=~------··---=-;~--
__ ::·:::~----~=-~-~~:.-~:~--~~---:-- ·--~ ·· du-ring this time_ period. -- - · 
. -·. 
At the third lev~l- o! automation, the time to dischcirge 
a ·book has a normal d1str,1bution with,µ= 9.9 and U= 1.45 
- -~ .------·---- - ----- -- -
. (seconds) • For this example, the total time to .. discharg~ ; _ _-·-~ '.~ 
::.:.-___ ------------_--_-_-- __________ -_ -:-------··-------- - the 73 books is assumed ~o be · - _ . 
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7:3. ·x .9.·9. = 722. 7 seconds··· ___ • -, J "" 
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~ince there_ are three servers, the a-ve.rage tim~_-per server- is_ 
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. . 
Converting th-is to minutes, l. • .. J - -
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the number of ove.Tdue books :ror this example .is 
--:-;---. . 
{29) (73) 
-- ~----- --- --~ ,- -- - - _. <:;~ .. -.·. . ··1000 
; ' 
= 1.073 books . , 
-However, no staff time is requtred to perform the 
overdues p-rocedures at the third level of automation, so 
no time is calculated here. · ~ 
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One" book-- was rec·alled during· this t.ime .period, ·as\ · ------ -~~~~------:.~-------~-~ --_- --
indicated in T~ble VIII. At the.third level of automation, 
·>cct;·r , . the time to perform,. the attendant-only procedures involved ..... -
__ · ____ _:, ________ w-ith the recalls funct_ion is normally ·distributed with 
,----==:--~~- . ·. __ :--c::==: :ft ;= _.19. 3 and rT'_ =. 3~ Q6. ( seconds_) •. _ For this example, .. !t ...... :_~_-_: ____ ~--------
.. '. -- . -__ - is assumed that the total time to handle this recall not·ice ------------------~----
:'""'"' - .----~-"-·-----· is· 19. 3 seconds. Since there are three servers, . the average 
time per server is 
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·- ,---~-- ~- -- A$ mention-ed earlier, _ the total number of _ loap records 
· 1·s 37. However, no staff time .i.s involved·-1n counting ·them · 
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E~pected Bu·sy Time {Total) 
... 
. , Function Att-Borr. Int. 
_Att-On_ly . __ .. __ _. ·-, .. ----·-- .. ,. -..... --~ ...... : ........ ~ ......... C~---·., .:".~.c;~--C .. --'·---·~': - - ~-. -· . - ·- - - . -- ----- -- _ .. - _________ · --· -·- -· ---- _, ---· ·- .. .. _ -· ·-- - tt,-
' .. Char.ging 3.28 o.o: 
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- ..:.-_ - -~·-------- . 4. 02· ~,..,-------- · Discharging - - -· -
---- o.o 
. ', ' 
. -~Incluqed 'ab..o'.Ve}----- - 0. 11- ~- -· --
· Overdues 
Recalls 
Searches 0. Q ·- _ ------------ --·-- .. o ... 0 
--~-' o.o 
4' 
-------------
-----------------------
•• lj 
- - --· 
--·---·· .. ·statisti·cs - --- - ---- --- - ---
' 
. .. 
- r . 
-------- ---- -- --- _...:::_·::___________ -- --- --
. " 
Total_ 4 .. 13 · 
Therefore, the expe,cted t.otE;l busy. time per server ·for this run -is 
.3.28 + 4.13 = 7.41 minutes 
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·;· . · ·, minute time period, which means that some overtime is ------·- --------
__ · _______ · ___ · ____ .. __: _____ .... ---·-~-~--· _ .. _ _ nee es sary. . 
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The value just calculated for the expected total busy time 
. I 
. . .. per server represents· only . a small portion. of the --da~a- requii·ed-
.. ,. __________ ---·for tlle ,~aly.sis .. of -variance-., .Fqr this exampl:e, it _is as·sum.ed / ·/) 
.• k // -
. J 
.: - ·:··· ·····.:/that ·the experiment was repl·ic·ated five times for each level of • • • • • ' • I . ' 
• (;; <1 
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·automation. The .resuitant_ e~pect.ed: total busy· times· are _ -.. --- -.-i---,-. ---.----~----~ ' 
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This probability distribution- is based on a sample of 
borrower trips over a three~day·period. 
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